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ABSTRACT 
Internal variability of the environment is one of the most studied variables in the meteorology 
field. The internal variables that affect the Atlantic Basin are the North Atlantic Oscillation (NAO), 
Artic Oscillation (AO) and the Southern Oscillation Index (SOI).  Many studies have been 
conducted where they show the relation between the number of hurricanes by season and the period 
of the internal variables of the environment. Though many of these studies are done over the 
Pacific Ocean, neglecting the Atlantic Ocean. This research focus on finding the relation between 
the internal variables of the environment with the hurricane trajectory. We inferred that when the 
indices are in a positive period the hurricane path will be recurved and when the indices are in a 
negative period the hurricane will have a straight trajectory. Result shows, that the NAO does not 
have a correlation with the trajectory of the hurricane. The SOI and AO have a high correlation 
between hurricane trajectory and the indices. For both the SOI and AO there was at least 50 % 
agreement with the assumption of the relation of the difference in the positive/negatives periods 
of the internal variable of the environment.  
 
Introduction 
Understanding and forecasting hurricane 
trajectory and intensity is of great importance 
as has been seen over the years. An example 
of this could be 2017, hurricane season. In 
October of 2017 the Hurricane Season had 
over 10 hurricanes back to back. Some of 
which have taken a straight westerly path 
while others had a recurved toward the 
northeast. Several factors come into play 
when understanding and predicting the 
difference in hurricane intensity and 
trajectory.  
When determining the trajectory of a 
hurricane, the location of its origin is one of 
the key factors to contemplate.   
According to Chen. et al (2008), around 58% 
of tropical cyclone that develop in the North 
Atlantic originate from the African Easterly 
Wave (AEW) are divided between African 
Easterly Wave North (AEWN) and African 
Easterly Wave   South (AEWs); the exit 
location, either from AEWN or AEWS this 
will be a factor on how rapidly the 
disturbance forms into a tropical cyclone 
(Chen et. Al 2008).  
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Once the storm has developed, it commences 
to propagate west in the Atlantic. The Sea 
Surface Temperatures (SST) have a 
significant impact on how the storm will 
develop and/or intensify (Camargo et.al 
2013). It is well known that for hurricanes to 
develop they need warmer waters to gain 
strength and evolve from a tropical 
disturbance into a hurricane. Typically, is 
been found that hurricanes need a SST of 
around 26 Celsius to form (May 2014).  
Done et al., (2014) found a possible relation 
between internal variability of the climate 
system, and the formation as well as intensity 
of tropical cyclones. It was concluded that the 
development of the tropical cyclone is only 
attributed to internal variability of the 
environment. The study also found that 
internal variability of the climate system 
determines the development of the growth of 
the tropical cyclone. Another study by 
Camargo et al. (2013) found similar results 
further supporting the role of internal 
variability in formation of tropical cyclones. 
This is to be expected when thinking of what 
‘feeds’ a tropical cyclone which is warm 
waters, converging winds and a lot of 
moisture.    
Other studies have focused on how internal 
variability of the climate system affect 
tropical cyclones intensity. Adedoyin (2000) 
found that in strong El Nino, seasons less 
tropical cyclones develop in the North 
Atlantic. The reasoning for this being that the 
tropical disturbance does not integrate with 
the anticyclonic flow around the Atlantic 
High (Adedoyin 2000) during strong El Nino. 
This is one of the few studies conducted over 
the Atlantic that explores the in development 
of the hurricanes as well as their intensity. 
Camargo et. al. (2013) found that the 
potential intensity of the tropical cyclone is 
highly related to the SST, which in effect 
affects the internal variability of the cyclone.  
Another factor that affects the intensity and 
trajectory of a hurricane is vertical wind 
shear, which affects the upper level of the 
cyclone (Done et. al. 2014).  All the 
previously aforementioned factors that affect 
the intensity of a hurricane are affected in 
some ways by the internal variability of the 
climate system.  
While there are many studies that focus on 
the role of internal variability on tropical 
cyclone development and intensity, only a 
few studies have attempted to relate internal 
variability of the environment to the 
trajectory of a hurricane.  Ramsey et. al. 
(2011) found that there is a connection 
between the ENSO and hurricane trajectory 
in the Pacific. In years where there are strong 
El Nino events, more tropical cyclones tend 
to occur and have a straighter path. It was also 
found that the Eastern Pacific tropical 
cyclones tend to have a fairly straight path 
compare to the West Pacific tropical cyclones 
(Ramsey et. al. 2011).  
Currently there is a lack of studies done in the 
Atlantic on hurricane trajectory and curvature 
path of the system. In 2017 there where great 
examples of tropical cyclone trajectory 
curvature, such as hurricane Irma and 
Hurricane Harvey. Where Harvey had a 
straight path, hurricane Irma had a recurved 
trajectory.  Therefore, recreating a similar 
study to Ramsey et. al. (2011) would be a 
perfect study to recreate in the Atlantic, as 
well as utilizing more data than this previous 
study. The recreation of the previously study 
over the Atlantic can add valuable insight to 
the current understanding on hurricanes and 
how the trajectories of this phenomena’s 
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change with respect to the internal variable of 
the environment.   
The goal of this study is to observe if the 
internal variability of the environment is in a 
negative period the hurricane trajectory will 
be straight westerly, and if the internal 
variable is in a positive period the hurricane 
trajectory will be recurved. The negative 
period of the internal variability of the 
environment also referred to as index in this 
study is when the values are negative and vice 
versa when refereeing to the positive period.  
 As is been mention before there are few 
studies that focus on intensity of the tropical 
storms in relation to internal variability of the 
climate system. This study will also look on 
the relation of some of the internal variables 
of the environment with each other as well as 
how they correlate with the overall 
trajectories of the hurricanes.  The outline of 
this paper is as follow: section 2 is the data, 
section 3 is results 4 is discussions and 
conclusion as well as any further work to be 
done.  
Data and Methods 
This research is focused on any tropical 
disturbance that originate between latitudes 
of 10°N and 30°N in the North Atlantic 
Ocean. The period selected for this 
investigation is 21 years, starting from 1996 
until 2016. The reason for this region being 
the focus is due to the lack of research done 
in the Atlantic on hurricanes.  
The data set selected for this research was 
obtained from the National Center of 
Environmental Information (NCEI) and 
National Hurricane Center (NHC). The data 
selected from NCEI was the following:  the 
Southern Oscillation Index (SOI), the North 
Atlantic Oscillation (NAO) and the Artic 
Oscillation (AO) (Figure 2). The frequency 
of these indices was of a monthly occurrence. 
The data was later averaged to observe the 
average of the peak hurricane season months, 
which was considered the period from July-
October. From these indices it was possible 
to observe the internal variability of the 
environment and its effect with the hurricane 
trajectory. The Sea Surface Temperature 
Anomalies (SSTA) was obtain from National 
Environmental Satellite, Data, and 
Information Services (NESDIS) in order to 
observe the trends of the SOI in the Atlantic 
Ocean.  
The hurricane data was obtained from the 
NHC tropical cyclone database.  The data for 
the hurricane trajectory was retrieved from 
the tropical cyclone reports. In these reports 
a series of information about each storm is 
located including the best track which is a 
compilation of ship measurements, buoys 
and satellite.  Over the last 21 years there 
have been around 153 hurricanes that 
originated in the North Atlantic Ocean 
(NOAA 2017). Based on the trajectories, out 
of the 153 cases only 128 hurricanes 
originated from 10° N or 30° N (Figure 1) 
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The indices were plotted to see a trend on the 
fluctuation throughout the years. The SOI, 
AO and NAO period were defined that any 
value above or equal to 0.1 will be a positive 
period, any value between -.09 and .01 will 
be neutral, and any value equal or below -0.1 
would be considered a negative period, to be 
able to furthermore understand the effect of 
these indices on the hurricane trajectory the 
frequency of hurricanes by year with relation 
to the intensity of the internal variability of 
the environment was observed with several 
histogram charts.  The reason for this being 
that if the intensity of the internal variability 
index was great enough to affect the number 
of tropical cyclones observed by year it 
furthermore reinforces the relation between 
internal variability of the environment with 
the hurricane trajectory. A correlation equal 
or greater than + .5 was a base line utilized to 
demonstrate a strong correlation. This can be 
observed in Figure 3, where the correlation 
between the hurricane by year and NAO 
index is of -0.2, SOI of 0.7 and AO of 0.5.  
After the correlation was obtained, the 
general direction of the trajectory of the 
hurricane season was determined. To depict 
the track of the hurricanes, it was manually 
calculated how the hurricanes paths direction 
was and then it was averaged out how many 
hurricanes where recurved and how many 
propagated straight. The general direction of 
the hurricanes was calculated by choosing the 
majority of the hurricane season tracks. In 
other words, if the majority of the hurricanes 
recurved the hurricane season was 
categorized as recurved. The same applies for 
the majority of the hurricanes that had a 
straight path, the hurricane season was 
Figure 2: Average indices of AO, NAO, and SOI. The average of the month of July- October 
from 1996 until 2016. 
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categorized as a straight trajectory. Then the 
comparison on the index and general 
direction of the season trajectory was 
determined.  
Results 
To verify that the assumption on the relation 
of the hurricane trajectory and the index, it 
was observed how the indices vary with the 
change in positive and negative periods. For 
starters, when the SOI is in a positive period 
the SSTA of the respective month being 
observed demonstrate the warming 
temperature in the observed area. The SSTA 
is relevant to the SOI index due to the relation 
on how the rising motion due to surface 
heating affect surface pressure.  In figure 4, 
 
 
Figure 3: Correlation between Hurricanes and indices, NAO, SOI, AO. 
 
 
Figure 4: Sea Surface Temperature Anomalies of 2010 for the period of July – October. 
Where a warming pattern is observed in the Atlantic Ocean. 
6 
 
we can observe 2010 SSTA which correlates 
to a positive trend in the Atlantic basin which 
corresponds to a positive SOI index. The SOI 
index of the months of July – October of 2010 
is of 1.9. When the SOI is positive in a 
positive period, the hurricane path will 
recurve northeasterly and when the SOI is in 
a negative period the hurricane will take a 
westerly track.  
For the AO and NAO, a similar relation can 
be observed but with a sea surface pressure 
anomalies map. When the AO is in a positive 
period, the belt of winds around the North 
Pole is strong and the cold air stays around 
the North Pole. (NOAA, 2017) This is shown 
with the circulation pattern. Figure 5 shows 
the circulation pattern where the High-
pressure system located in the North Atlantic 
cause storms to track towards the northeast. 
This is and an example demonstrating a 
positive AO circulation pattern. The opposite 
occurs when the AO is in the negative period 
meaning the cold air plunges in the Atlantic 
Basin. For this reason, when the AO is in its 
positive period the hurricane path would 
likely curve towards the northeast, and when 
the AO is negative the hurricane path would 
be westerly.  
After the assumption of the relation between 
indices period changes and hurricane 
trajectory was proven the calculation of the 
correlation between the number of hurricanes 
and the indices was evaluated. It was found 
that the NAO, which had a negative 
correlation, had a weak correlation between 
hurricane trajectory and number of 
hurricanes. While the AO and SOI had 
positive correlation, both are above or equal 
to + 0.5, which indicates that the assumption 
of the correlation of indices and hurricane 
trajectory is sustained.   What this correlation 
tells us is that the there is a relationship 
between the frequency of the hurricanes and 
the previously mention indices. This shows 
 
Figure 5:  Positive Artic Oscillation circulation pattern in July.  
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that the relation on how the hurricane path is 
affected by the internal variability of the 
environment is sustained.  In Table 1, it is 
shown the general direction computed for the 
year observed.  
 
 
The correlation of hurricane frequency and 
the NAO index was determined; this 
correlation was of -.0.02. It was found that 
the NAO index had 3 years in a positive 
period, 3 years in a neutral period and 15 
years in the negative period. The 3 years on 
the neutral period exhibited a negative trend, 
where most of the hurricane paths of all three 
hurricane seasons recurved. From the 
combination of the negative and positive 
period 5/18 years correlated to the 
assumption of the hurricane trajectory and 
index. Meaning that with this index the 
hypothesis only holds true for 27% of the 
time.  
Meanwhile, the SOI index had a correlation 
of 0.7 with the frequency of hurricanes and 
the SOI index. This index had 11 years in a 
positive period, 2 years in the neutral and 8 
years in the negative period. The neutral 
period were both in the positive trend 
transition where both hurricane season 
hurricane path recurved. Though for this 
calculation, only the positive and negative 
period where consider. As a result only 19 
hurricane season/years were consider for the 
testing of the hypothesis. The result for this 
particular index where 11/19 years correlated 
with the hypothesis.  Meaning, the SOI index 
correlation with the hurricane trajectory 
withstands 57% of the time.  
 Two hurricane seasons where this can be 
observed were the years of 2010 and 2002. In 
these two hurricane seasons the correlation 
between hurricanes and the index is of ± .5.  
In Figure 6, we can observe how in the 
hurricane season of 2010 the hurricane path 
curved towards the northeast and in 2002 had 
a westerly path. The index calculated for both 
2010 and 2002 where of 1.8 and -0.62, 
respectively. For all the hurricane seasons 
observed   the index value can be found in 
Appendix A and the hurricane trajectories 
can be found in Appendix B
Table 1: Hurricane general direction 
from 1996-2016 
Year Trajectory 
1996 recurved 
1997 recurved 
1998 recurved 
1999 recurved 
2000 recurved 
2001 recurved 
2002 straight 
2003 straight 
2004 straight 
2005 recurved 
2006 recurved 
2007 recurved 
2008 recurved 
2009 straight 
2010 recurved 
2011 recurved 
2012 recurved 
2013 straight 
2014 recurved 
2015 recurved 
2016 straight 
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The AO had 4 years in a positive period, 4 
years in a neutral period and 13 in the 
negative period. Most of the neutral period 
years/hurricane seasons had a negative trend, 
and only one of the years (1996) did not 
follow the overall trend. Meaning that the 
index was of -0.02 and its trajectory was 
recurved.  For the AO index 9/17 years 
correlated with the hypothesis. Meaning that 
for 52% of the time, the AO index correlates 
to the overall trajectory of the hurricanes.   
 A comparison of both the SOI and the AO 
was conducted to determine how both indices 
correlated.  The correlation between both 
indices was of ± 0.57, which how we 
previously define the standards for a 
correlation, it’s a high correlation. This 
shows how both indices relate with each 
other, and how this affects the trajectory of 
the hurricanes. Meaning that when both 
indices were in the same negative/positive 
period the hurricane season trajectory would 
be recurved or straight respectively, as we 
 
 
Figure 6: a. Hurricane trajectory of 2002 season, where the overall path is westerly.  b. 
Hurricane trajectory of 2010 where the overall path is northeasterly. 
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defined earlier. In Table 2, it shows how both 
indices agree on the number of positive and 
negative period of the years being observed. 
Being that the AO changes every three 
weeks, it is prone to have more negative 
period than the SOI. Being that the SOI 
changes take about 3 months to change from 
a negative period, to neutral, to positive; 
respectively goes the same when changing 
from positive to negative.  
It was found that most of the years that were 
in the positive period in the AO were also 
considered to be in the positive period in the 
SOI, excluding 2001 where it was considered 
a negative period. Though 2001 was 
categorized as a negative period in the SOI 
index, it did not correlate to the negative 
period due to its propagation to the northeast. 
Most of the hurricane seasons that where 
considered to be in the negative period of the 
AO were in the positive period of the SOI 
where they had a northeasterly path.   
The years that where both considered having 
a recurved path and a positive period on both 
indices were 2005, 2008 and 2011. Where all 
the previously mentioned years/hurricane 
seasons had a clear recurved path. It was also 
found that for those in the negative period and 
westerly path, which were 2002 and 2009, the 
same theory withstands. This demonstrate 
that where both indices do correlate, the 
hurricane season trajectories will either be 
recurved or be a straight path, respective of 
the period in the index. 
Discussion and Conclusion  
While the AO had a 52% correlation, the SOI 
had a 57% correlation the assumption of the 
relation of the hurricane path and the change 
of positive/negative period of the indices. 
This was to be expected due to the high 
correlation number between both the AO and 
the SOI. The correlation for the AO was of .5 
while for the SOI was of 0.7 correlation. The 
number of hurricane per season correlated 
higher with the SOI than the AO. This shows 
that the Atlantic Basin is more impacted by 
the SOI than the AO. Though a combination 
of both indices does correlate to a very 
similar impact on how hurricane propagate.  
It was observed that the SOI had more 
positive period than the AO which could be 
due to fact on how much the indices change 
with time. While the SOI takes on average a 
period of 3 month to change to a neutral 
period the AO index changed period on a 
period of 3 weeks. This explain why the 
average of the period utilized in this study for 
 
Table 2: Table comparing the AO and SOI period as well, as how many of the indices 
correlated with the hypothesis. 
Period Arctic 
Oscillation 
Southern 
Oscillation Index 
Number of 
correlation AO 
Number of 
correlation SOI 
Positive 4 11 4 8 
Neutral 4 2 4 1 
Negative 13 8 4 3 
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the AO tended to be on the negative 
spectrum, which resulted in 13 years of the 
observed period to be on the negative period.  
As mentioned before, the correlation of the 
SOI with the number of hurricane was higher 
than the AO; this was likely due to how 
intense the index was, in other words, how 
much the index deviated from the neutral 
period. As it was shown in the result section 
the atmospheric patterns play an important 
role on how the hurricane trajectory will be 
affected by the internal variable of the 
environment. Depending if there is a strong 
low/high pressure system this will be 
indicative on how the hurricane will 
propagate. Depending on the internal 
variable being analyzed it can be observed 
more clearly. For the AO index during a 
strong positive period, it was shown that the 
hurricane path for most hurricanes were 
recurved 
On average of the months and the period of 
this study the SOI had a value of .12 and the 
AO had an average value of -.012. This 
shows why most of the years where in the 
positive period in the SOI and negative 
period for the AO.  
The goal of this study was to observe if the 
internal variability of the environment is in a 
negative period the hurricane trajectory will 
be straight westerly, and if the internal 
variable is in a positive period the hurricane 
trajectory will be recurved. It was found that 
the NAO did not correlate with the number of 
hurricane per year also demonstrating the 
opposite of the hypothesis for this study. 
Having had a correlation of -0.2, it did not 
withhold what this study was trying to 
observe. The hypothesis only withstood for 
27% of the time over the 21-year period being 
observed.  
This study was able to demonstrate the 
relation of the hurricane trajectory and the 
effect of the internal variability of the 
environment in the North Atlantic Basin. For 
2 out of the 3 indices being observed the 
hypothesis being tested withstood, and both 
demonstrated at least 50% of accuracy of the 
theory. While more years could change the 
accuracy, the SOI and AO indices could be 
useful in determining hurricane trajectory.   
Future work: This study was conducted for a 
period of 21 years, with the average of the 
index for the peak season month, being July - 
October. This study could be done utilizing 
the average of the whole hurricane season as 
well as observing how the modes take part on 
how the hurricane trajectory is affected.  
Having a period of 30 to 40 years would also 
be a way to see if the hypothesis of this study 
still withstands the same or similar results.  
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Appendix A: Averages of Index from 
July-October 
 
Artic Oscillation North Atlantic Oscillation Southern Oscillation Index 
Year AO Index Year NAO Index Year SOI Index 
1996 -0.02925 1996 0.125 1996 0.65 
1997 -0.20375 1997 0.02 1997 -1.275 
1998 -0.0795 1998 -0.6975 1998 1.125 
1999 -0.15525 1999 0.0125 1999 0.45 
2000 0.05175 2000 -0.1525 2000 0.625 
2001 0.1225 2001 -0.3025 2001 -0.1 
2002 -0.35825 2002 -0.495 2002 -0.625 
2003 -0.102 2003 -0.2975 2003 0.075 
2004 -0.14525 2004 -0.0175 2004 -0.3 
2005 0.207 2005 -0.1225 2005 0.375 
2006 -0.14625 2006 -1.1725 2006 -0.875 
2007 -0.007 2007 0.1125 2007 0.25 
2008 0.19725 2008 -0.3625 2008 0.95 
2009 -0.51875 2009 -0.465 2009 -0.225 
2010 -0.2535 2010 -0.84 2010 1.875 
2011 0.164 2011 -0.4825 2011 0.8 
2012 -0.14 2012 -1.2375 2012 0.075 
2013 -0.01375 2013 0.15 2013 0.3 
2014 -0.47325 2014 -0.2875 2014 -0.55 
2015 -0.553 2015 -1.0375 2015 -1.45 
2016 -0.14475 2016 -0.5975 2016 0.5 
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Appendix B: Hurricane Trajectories from 1996 - 2001 
 
 
 
14 
 
Appendix B: Hurricane Trajectories from 2002 - 2011 
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Appendix B: Hurricane Trajectories from 2012 – 2016 
 
